Abstract Mesenchymal stem cells are multipotent cells capable of replicating as undifferentiated cells, and have the potential of differentiating into mesenchymal tissue lineages such as osteocytes, adipocytes and chondrocytes. Such lineages can then be used in cell therapy. The aim of present study was to characterize bone marrow derived mesenchymal stem cells in four different species, including: sheep, goat, human and mouse. Human bone-marrow mesenchymal stem cells were purchased, those of sheep and goat were isolated from fetal bone marrow, and those of mouse were collected by washing bone cavity of femur and tibia with DMEM/F12. Using flow-cytometry, they were characterized by CD surface antigens. Furthermore, cells of third passage were examined for their osteogenic and adipogenic differentiation potential by oil red and alizarin red staining respectively. According to the results, CD markers studied in the four groups of mesenchymal stem cells showed a different expression. Goat and sheep expressed CD44 and CD166, and weakly expressed CD34, CD45, CD105 and CD90. Similarly, human and mouse mesenchymal cells expressed CD44, CD166, CD105 and CD90 whereas the expression of CD34 and CD45 was negative. In conclusion, although all mesenchymal stem cells display plastic adherence and tri-lineage differentiation, not all express the same panel of surface antigens described for human mesenchymal stem cells. Additional panel of CD markers are necessary to characterize regenerative potential and possible application of these stem cells in regenerative medicine and implantology.
Introduction
Stem cells are generically defined as undifferentiated cells capable of self-renewal through replication as well as differentiation into specific cell lineages [1] . They can be broadly classified as embryonic or adult, depending on the developmental stage from which they are obtained [2] . Embryonic stem cells (ESCs) have the potential of differentiating into various kinds of embryonic and extra embryonic tissues [3] . The other class of stem cells i.e. the adult stem cells are able to differentiate into different cell types [4] . Moreover, mature cells can be reprogrammed through transfect ion by Oct4, Sox2, Klf4 and c-Myc genes culminating into induced pluripotent stem cells [5] .
Mesenchymal stem cells (MSCs) were first isolated and characterized by Friedenstein et al. [6] in 1974. Now, they can be isolated from different species and tissues [6] , and can be used in clinical and preclinical studies [7, 8] . They can be harvested from connective tissues such as bone marrow, adipose tissue, fetal liver and others, and can be successfully expanded in vitro [9] .
Also, compared to ESCs and induced pluripotent stem cells (iPSCs), MSCs are safe for transplantation, because they have Immunomodulatory properties, low immunogenicity and non-tumorigenic characteristics that can decrease the immune rejection of transplanted cells [10] .
The common method used for recognition and determination of cell types including MSCs is the cluster of differentiation (CD) markers protocol [11] . Positive expression of CD105, CD73 and CD90 in human MSCs is C95% as measured by flow cytometry, while negative expression (B2%) of CD45, CD14, CD34, CD19, and HLA class II.
Despite the widespread utilization of MSCs from nonhumans, there is no established panel of CD markers for their identification in non-human animals. In this study, we evaluated and compared immunophenotyping of CD markers in human, mouse, ovine and caprine bone marrowmesenchymal stem cells. Such examination and characterization of regenerative potential and possible widespread application of MSCs in regenerative medicine and implantology may lead to the generation of novel cell therapies and provide fresh insight into the therapeutic tackling of complex disorders.
Materials and Methods

Chemicals
Except where otherwise indicated, all chemicals were obtained from Sigma-Aldrich (USA).
BM-MSCs Isolation and Culture
This study was approved by the ethical committee Faculty of Medical Sciences of the Tarbiat Modares University. Ovine and caprine fetuses (30-35 days) were obtained from slaughterhouse, and transported to laboratory in Dulbecco's phosphate buffered saline (DPBS) on ice. The BM-MSCs were extracted from the ovine and caprine fetuses by aspiration of femurs and tibias with Dulbecco's Modified Eagle Medium/Nutrient Mixture F-12 Ham (DMEM/F12) 3:1 medium supplemented with 100 IU/ml penicillin and 100 lg/ml streptomycin. The bone marrow sample was layered on top of an equal volume of ficoll solution, and centrifuged at 1900g for 30 min at room temperature. The cloudy layer was collected into a new tube and washed twice with DPBS. The obtained cells with concentration of 5 9 10 6 cells/ml were cultured in DMEM/F12 supplemented with 10% FBS (fetal bovine serum), 2 mM L-glutamine and penicillin/streptomycin. The medium was changed every three days and subcultured at the confluency of 80%.
The mice used for the experiments were male 8-10 week old inbred Balb/c (Pasteur Institute, Iran). They were sacrificed by cervical dislocation according to the guidelines of the Institutional Animal Ethics Committee (IAEC). The BM-MSCs were extracted from femoral and tibial bone marrow of five mice by inserting a 26-gauge syringe at bone cavity, washing it with 10 ml DMEM/F12 3:1 medium supplemented with 100 IU/ml penicillin, 100 lg/ml streptomycin. Following centrifugation of the flush out at 1500 rpm for 10 min, most of the blood cells remained in the supernatant. These cells were suspended in DMEM/F12 containing 10% FBS, 2 mM L-glutamine and 1% penicillin/streptomycin, and the suspension was filtered through a 70 lm mesh to eliminate tissue debris. The obtained cells were cultured in DMEM/F12 supplemented with 10% FBS, and 1% penicillin/streptomycin in a flask at 37°C in a 5% CO 2 humidified incubator. After 48 h, nonadherent cells were removed and adherent -MSCs cells were cultured for 7 more days.
Flow-Cytometric Analysis
Fetal BM-MSCs of ovine and caprine, and human and mouse BM-MSCs were examined for expression of specific surface markers by flow-cytometry. Briefly, the cultured cells were suspended in cold DPBS at the dilution of 10 6 cells/ml. Incubation with primary antibodies (CD34, CD44, CD45, CD90, CD105 and CD166) was followed by exposure to secondary conjugated antibody at 4°C for 30 min, and the complex was analyzed by flow-cytometry.
Multilineage Cell Differentiation
To examine adipogenic and osteogenic differentiation potential, the ovine and caprine BM-MSCs, human and mouse BM-MSCs of third passage were induced with DMEM medium supplemented with 50 lg/ml ascorbic acid 3-phosphate, 100 nM dexamethasone and 50 lg/ml indomethacin and DMEM medium containing 10% FBS, 50 mg/ml ascorbic 2-phosphate, 10 nM dexamethasone and 10 mM b-glycerol phosphate respectively. After 21 days, the cells were studied by Oil red O staining for lipid droplets, and osteoblast differentiation was evaluated by Alizarin red S for mineralized matrix.
Results
MSCs isolated from four different species showed the potential of differentiating into osteogenic and adipogenic cell lines (Fig. 1) . The obtained data indicates that isolated cells of ovine and goat BM-MSCs strongly express CD166 and CD44 surface markers, whereas their ability for expression of CD90, CD105 as well as CD45 and CD34 is negative (Fig. 2a, b) . In addition, Immunophenotypic analysis of surface markers in mouse BM-MSCs showed that they express CD44, CD90 and CD105, however, percent expression of CD166 is weak, and that of CD34 is negative (Fig. 3) . In regard to human BM-MSCs, we found that isolated cells express CD44, CD90, CD105 and CD166, while they are negative for CD45 and CD34 expression (Fig. 4) .
Discussion
The physiological characteristics such as high proliferative capacity, multi-lineage differentiation potential, as well as transdifferentiation into ectodermal and endodermal cell lineages, facile manipulation, immunomodulation and lack of forming teratoma, make MSCs an appropriate candidate for use in regenerative medicine and in vitro or in vivo study of cellular differentiation as well [12] . Although large animals such as ovine and caprine are good models for preclinical experiments (i.e., orthopedic injuries or transmissible spongiform encephalopathies), their MSCs properties are not well known [13] . The extensive possible clinical applications of MSCs have attracted detailed studies of CD cell surface markers [7, 8] . Indeed, CD90 and CD105 are two well-known specific markers of mesenchymal cell lineages, and CD34 and CD45 are known as haematopoietic markers [14] . Also, the expression of CD44 and CD166 have been demonstrated in human MSCs [15] . In this study, we compared the expression of these and other CD markers in MSCs isolated from four species (Human, mouse, ovine and caprine). We found that like human MSCs, ovine and caprine MSCs express CD44 and CD166 (Fig. 2a, b) . However, unlike human MSCs, ovine and caprine MSCs express low percentage of CD90 and CD105 (Fig. 2a, b) . Similarly, in the study of Lyahyai et al. [16] ; CD29, CD73 and CD90 were detected, but CD105 was undetectable. Also, isolated MSCs from three different sources (bone marrow, synovial membrane and adipose tissue) expressed CD44 and MHC-I [17] , while using mouse antibodies, no expression of CD73, CD90 and CD105 was seen in Ovine endometrial MSCs [18] . In a study by Grzesiak et al. [19] in which human antibodies were used, ovine adipose derived MSCs showed low expression of CD90 and CD105; isolated bone-marrow and adipose tissue MSCs from Balb/c, C3H and C5BL/6 mice were positive for CD29, CD44, CD105 and Sca-1, but negative for CD34, TER-119, CD45, and CD11b [20] ; mouse BM-MSCs were positive for CD44, CD29, CD31, CD44, CD41, CD105 and SCA-1,and negative for CD45, CD3e, CD34, CD45 and CD117 [21] . Additionally, immunophenotypic analysis demonstrated that murine epiphysis derived mesenchymal stem cells were positive for CD29, CD44, CD73, CD105, CD166, Sca-1 and SSEA-4, and negative for CD31, CD34, CD11b and CD45 [22] . These findings are confirmed by our study, since mouse BM-MSCs were positive for CD105, CD90, CD44 and CD166, but they weakly expressed CD34 and CD45 (Fig. 3) .
One negative CD markers in human panel is CD34; however, several studies have shown that MSCs derived from adipose tissue express CD34 at the time of isolation, but they gradually lose expression during culturing process [23] . Nonetheless, some researchers [24] doubt negative expression of CD34, because this marker can vary on the MSC tissue source.
It has been known that expression of CD90, CD105 and CD73 can vary in different species and strains [25] . CD90 or Thy1 acts in the cell to cell matrix interactions and in wound repair [26] . CD166 or ALCAM mediates intercellular adhesion in concert with hemophilic or heterothallic interactions; this CD marker is a member of the immunoglobulin super family of cell adhesion molecules that is distributed widely in tissues [27] . CD44 acts as a receptor for hyaluronic acid, and interacts with other ligand such as osteopontin, matrix metalloproteinases and collagens, fibronectin and laminin [28] . Similar to other studies [29, 30] , we detected high expression of CD105, CD90, CD44 and CD166 in human MSCs, but the expression of CD34 and CD45 were negative (Fig. 4) .
In conclusion, Although MSCs of different species are widely used in many different types of research studies; there are no established minimal criteria for their identification in non-human animals. In this study, we found that unlike human and mouse, isolated BM-MSCs of large animals such as ovine and caprine, have low expression of CD90 and CD105, but similar to them, they show high expression of CD44 and CD166; Also, the expression of CD34 and CD45 in BM-MSCs isolated from all four species are negative. Further studies are needed to complete the panel of CD markers for detection and characterization of isolated animal MSCs. These studies offer the potential to enhance our understanding of the entire system of CD markers, and may be used for the optimal application of MSCs of large animals in human regenerative preclinical experiments. 
